Only the two species of Pogonia, the Orchidaceae, such as P. japonica Rchb. f. and P. minor (Makino) Makino are distributed in Japan but currently newly appeared only one or two individuals so-called P. 'Miyamatokisou' nomen nudum occurred in two locations. Genic relationships among these three taxa of Pogonia were studied with respect to ITS (Internal Transcribed Sequences). Thus, repeatable DNA polymorphisms were found among 20 ISSR primers studied. According to genetic distances analyzed, a group of P. japonica and P. minor and the other group of two strains of P. 'Miyamatokisou' nomen nudum were isolated. Although these two strains of P. 'Miyamatokisou' were distantly distributed but were genetically similar to each other. The ISSR domain of P. 'Miyamatokisou' were different from those of P. japonica and P. minor, respectively. It was suggested that certain edge effects along with the distribution of those two species might perform their polymorphisms and got a new speciation to perform P. 'Miyamatokisou'. Depending on determination of ITS, the relationship between P. 'Miyamatokisou' and the two species of Pogonia were not determined. While the species of Pogonia have been recorded morphologically highly variable, the present research also concluded that those taxa studied here suggested highly variable.
and Kondo 2004). Additionally, P. japonica shows self-compatibility but no self-pollination as well as parthenogenesis (Matsui et al. 2001) , while P. minor shows auto-self-pollination and their seeds are produced by self-fertilization (Suetsugu 2015) . Moreover, P. minor has the characteristics of non-fully-opened flower and self-pollination, and thus, is the species as a sexually well-isolated species. According to the hybridity test by Randomly Amplified Polymorphic DNA (RAPD) by Takahashi et al. (2013) , P. 'Miyamatokisou' was not the hybrid between P. japonica and P. minor.
The present study was made in molecular genetics to analyze newly differentiating individuals in the genus Pogonia: in other words, the existing of P. japonica and P. minor and the newly appeared P.'Miyamatokisou' would be either a result of a convergent evolution or appeared as a new species completely different from P. japonica and P. minor.
MATERIALS AND METHODS
The plant materials studied are listed in Table 1. DNA extractins. Total genomic DNA's extractions of nine taxa of Pogonia (Table 1) were made from fresh leaves of plants made by using the modified CTAB (Cetyl trimethyl ammonium bromide) method (Doyle and Doyle 1987) . The DNAs were extracted from freezed-dried samples of leaves of plant individuals. Fresh leaves were frozen in liquid nitrogen and 300-500 mg frozen leaf samples were homogenized with liquid nitrogen and pu in individual 2 ml tubes and washed once with washing buffer [0.1 M Tris-HCl pH 8.0, 2% 2-mercaptoethanol, 1% polyvinylpyrrolidone (PVP) and 0.05 M ascorbic acid]. They were gently dispersed in 1,000 μl mixed at 4 o C in 100mM HEPES (hydroxyethyl piperazineethanesulfonic acid + 1000 μl 1%PVP (Polyvinylpyrrolidone) extraction buffer containing 1M Tris-HCl (pH 8.0), 20 mM EDTA, 1.4 M NaCl, 2% cetyltrimethylammonium bromide and 0.5% mercaptoethanol, 1% polyvinylpyrrolidone (PVP) and 0.05M ascorbic acid stirred by a volute-mixer and then, the centrifugal pump at 4,500 rpm for 1 min, isolated and thrown the supernatant fluid and were treated with the buffer for 1h at 55 o C. Then, they were treated three times with an equal volume of CIA (chloroform-isoamyl alcohol = 24:1) for 15 min each and the DNAs were precipitated with an equal volume of isopropyl alcohol.
Inter simple sequence repeat (ISSR) -Polymerase
Chain Reaction (PCR) Using 51 primers of ISSR and 60 primers (801-860); UBC primer sets: The University of British Columbia) were used to detect certain primers, selected specific amplified fragment length polymorphism primers DNA polymorphic bands different either from P. japonica, P. minor or P. 'Miyamatokisou' according to the ISSR-PCR methods. The ISSR is a random primer and does not need the sequence information for a primer design, and its operation is simple and easy like RAPD method and it is used for phylogenetic analyses or identification of individual cultivars or close relatives. It can be applied in many studies involving genetic identity, parentages, clone and strain identifications, and taxonomic studies of close relatives (Kondo et al. 2003; Racharak and Eiadthong 2007) . Moreover, the claster analysis resulted and suggested that P. 'Miyamatokisou' were phylogenetically much closer to P. ophioglossoides which seemed to be the origin of P. japonica and P. minor (Cameron and Chase 1999) .
DNA extractions
Total genomic DNA's of Pogonia species studied were extracted from fresh leaves by using CTAB method described by Doyle and Doyle (1987) . Nearly 500 mg frozen leaf samples of respective species of Pogonia were homogenized with liquid nitrogen and put in individual 2 ml tubes and washed once with washing buffer [0.1 M Tris-HCl ph 8.0 2% 2-mercaptoethanol, 1% polyvinylpyrrolidone (PVP) and 0.05 M ascorbic acid]. Two percent CTAB extraction buffer containing 2% 2-mercaptthoethanol and 2% polyvinylpyrrolidone were then added and incubated at 60 o C for at least 30 min. After incubation, the samples were centrifuged and the supernatant was collected. The DNA was then isolated with 500 μl 24:1 chloroform-isoamyl alcohol (CIA), precipitated with equal volume of 2-propanol, and washed with 500 μl 24:1 chloroform-isoamyl alcohol (CIA), precipitated with equal volume of 2-propanol, and washed with 500 μl 24:1 chloroform-isoamyl alcohol (CIA), precipitated with equal volume of 2-propanol, and washed with 500 μl 70% ethanol. The DNA pellet was briefly dried at room temperature, resuspended in 500 ml sterilized distilled water, added with RNase for a final concentration of 10 μg/ml and incubated for 30 min at 37 o C. The solution was, then, washed with 50:50 volume of phenol:chroroform to remove the proteins and followed by 24:1 CIA wash to remove the proteins and followed by 24:1 CIA was to remove the remining phenol. The final precipitation was done by adding 1/10 volume of 7.5 M Ammonium acetate and 2.5 volumes of 99.5% ethanol, and incubated at -80 o C for 15 min. The DNA pellet was collected by centrifuge, washed with 500μl 70% ethanol and was completely dried before resuspended in appropriate amount of sterilized distilled water. The DNA concentration was quantified using a spectrophotometer and a working sample solution, with concentration of 100 ng/μl, was prepared and stored at -20 o C. Nineteen readily available ISSR primers were initially screened and 11 of that produced reproducible and clear fragments were selected (Table 2 ) and used to provide polymorohic markers for genetic diversity.
Polymerase chain reaction (PCR) amplifications were performed in 20 μl reactions, consisted of 1.25U Taq DNA polymerase (Takara Ex Taq), 2μl 10X reaction buffer containing 20 mM MgCl 2 , 1.6μl of dNTP mixture (2.5 mM each), 0.25μM primer, and 100 ng template DNA. Amplification was performed. The amplification products were separated on 2% agarose gels buffered with 1x TAE and stained with ethdium bromide to visualize the bands. Band size was estimated using 200 bp Takara DNA ladder.
DNA amplification
Among the 21 primers only necessary primers were selected for analysis. The 10 μl reaction mixture included 5μl of 2XKOD FX neo buffer, 1.25μl of 2mM dNTP, 10 pmol of ISSR primer, 0.1μl of KOD FX Neo (TOYOBO), 10ng of template DNA. PCR was performed using Gene Amp PCR System 9700 (PE Applied Biosystems) and TaKaRa PCR Thermal Cycler Dice (TAKARA BIO Inc.) and DNA amplification were carried out with one cycle of 94 o C for 5min, followed by 40 cycles of denature temperature of 94 o C for 30 sec, annealing temperatures of 52, 54, 58 or 60 o C for 30 sec. and 72 o C for 1.5 min, and concluded by one cycle of 72 o C for 10 min. PCR products was electrophoresed on 1.5% agarose gel with DNA size marker (200 bp DNA Ladder, TaKaRa) at a 100 V for 30 min. in Mupid-2 plus (ADVANCE) filled by 1XTAE Buffer. After staining of the electrophoresed gel with Ethidium Bromide solution for 20 min., observation and photography of the band were performed using Printgraph AE-6933 EXCF-U (ATTO) under the ultraviolet exposure.
Electrophoresis
Electrophoresis gel at the concentration of 1.5% was prepared with TAE buffer (prepared by 40 mM Tris-acetate and 1 mM EDTA) and 1.5% agarose gel (Takara: L03 TAKARA 5003). PCR (Huang et al. 2003 (Huang et al. , 2004 Maeda et al. 2008 ).
ITS-PCR
The primes were synthesized on the basis of the base sequences reported by Cameron and Chase (1999) for the purpose of the amplification for ITS-1 domain was amplified by the forward-primer such as (5'-GGC AGA TGT TGT GCA TGC AT-3') and the reverse-primer such as (5'-GGA TCA TAA GTC GTT CGG CTG-3').
PCR reaction fruid should be same as ISSR-PCR, and its' condition was organized by using thermalcycler at 97 o C for a minute for at the early composition, and then, annealing reaction at 60 o C for a minute extention reaction per 2 min. per cycle for 30 cycles and then, the final extention at 68 o C for 7 min. DNA extraction was made by PCR amplified products by using Wizard ® SV Gel and PCR Clean-Up System (Promega). Sequences were analyzed by the commercialized Eurofins Genomics Co. and species discrimination was made by BLAST (Basic Local Alignment Search Tool). After alignment by using SeaView (PRABI), genetic distances were calculated by using Kimura's 2-parameter (1980) and then, produced the phylogenetic trees by the Neighbor Joining (NJ) methods (Nei et al. 1987) . On the other hand, DNA waveform using four peaks (Nucleobytes) DNA waveform was analyzed to determine deletion, DNA waveform etc. by base deletion.
RESULTS AND DISCUSSION
Two strains of Pogonia japonica and two strains of P. minor were collected in Mt. Hiba, Hiroshima Prefecture, Japan, while two strains of P. 'Miyamatokisou' (nomen nudum) were collected in a bog, Higashi-Hiroshima City, Hiroshima Prefecture, Japan, and two strains of P. 'Miyamatokisou' (nomen nudum) were collected in Mt. Hakusan, Gifu Prefecture, Japan showed 20 amplified fragment length polymorphisms (Figs. 2-5) .
Among the cultivated individuals studied the amplified fragments showed differences, only four groups of wild strains were used for the analysis. Then, 97 amplified fragments were obtained and 54 specific strains showed amplified fragments (Table 2) .
Genetic distances among four groups analyzed divided by two groups such as 1. The first group of P. japonica and P. minor. 2. The second group of two P. 'Miyamatokisou' collected in Higashi-Hiroshima, Hiroshima Prefecture and that collected in Mt. Hakusan, Gifu Prefecture. Since each of the cultivated strains of Pogonia showed differences in amplified fragments, respectively, it was decided to use respectively four groups of the wild strains only. Then, among 97 amplified fragments, species specific 54 fragments were isolated (Table 2) . Then, genetic distances among the four groups were analyzed: The phylogenetic distance between the group of P. japonica and P. minor and that between the two of P. 'Miyamatokisou' was D=4.8. Genetic distance between the two P. 'Miyamatokisou' (one from Higashi-Hiroshima bog and the other from Mt. Hakusan) was D=0.04 that was very minute distance although their localities were way far from each other (Fig. 6) . In contrast, the genetic distance between P. japonica and P. minor was D=0.21 and they did not have any species-specific amplified fragment although among the individuals especially cultivated individuals and 'Miyamatokisou' respectively had more differences of DNA polymorphisms.
On the result of BLAST in Pogonia 'Miyamatokisou' collected in the bog, Higashi-Hiroshima, Hiroshima Prefecture had the degree of approximation with P. minor was 99.0% (Fig. 7) . The degree of approximation of BLAST in P. 'Miyamatokisou' of Higashi-Hiroshima and P. japonica and that and P. ophioglossoides were commonly 97.0%. Pogonia japonica, P. minor, P. 'Miyamatokisou' and P. ophioglossoides had commonly quite similar base-sequence, and thus, no trustworthy probability was given (Fig. 9) . DNA waves in the ITS region was observed carefully and found single nucleotide polymorphism (SNP) in P. minor.
The genus Pogonia is a taxonomically placed in terrestrial, perennial orchid in the family Orchidaceae, the subfamily Vanilloidae, the tribe Pogoniinae and consists of five species: P. ophioglossoides (L.) Ker Gawl distributed in the southeastern part of the U.S.A., P. japonica Rchb. f. distributed in Far East Asia including the Eastern Russian Federation, the People's Republic of China, North and South Korea and Japan, P. minor (Makino) Makino in Guangdon, the People's Rebublic of China, Taiwan, North and South Korea and Japan, P. yunnanensis Finet in Tibet and Yunnan, the People's Republic of China and P. trinervia in Indonesia (Cameron and Chase 1999) . Thus, Japan has two species P. japonica and P. minor and two forms such as P. japonica form lineariperiantha Satomi et T. Ohsawa and P. japonica var. pallescens Tatew.
In contrast, some plants of Pogonia differed morphologically from P. japonica as well as P. minor were spontaneously found in Japan and has a naked name as P. 'Miyamatokisou'. Takahashi et al. (2013) reported the chromosome numbers of P. 'Miyamatokisou' as 2n=18 and 20 and their flowers showed the pale pink perianth with a vermilion-colored line, similar to that of P. minor and fully opened and lips were white in color differed from P. japonica and P. minor. Their plants were ca 10 cm tall. Thus, the members of Pogonia could perform naturally as well as artificially interspecific hybrids (Thien and Marcks 1972; Tanaka et al. 1996; Matsui et al., 2001; Takahashi and Kondo 2004) . Additionally, P. japonica shows self-compatibility but no self-pollination as well as parthenogenesis (Matsui et al. 2001) , while P. minor shows auto-self-pollination and their seeds are produced by self-fertilization (Suetsugu 2015) . Moreover, P. minor has the characteristics of non-fully-opened flower and self-pollination, and thus, is the speces as a sexually well-isolated species. According to the hybridity test by Randumly Amplified Polymorphic DNA (RAPD) by Takahashi et al. (2013) , P. 'Miyamatokisou' was not the hybrid between P. japonica and P. minor.
The present study was made in molecular genetics to analyze newly differentiating individuals in the genus Pogonia: in other words, the existing of P. japonica and P. minor and the newly appeared P. 'Miyamatokisou' would be either a result of a convergent evolution or appeared as a new species completely different from P. japonica and P. minor.
DNA extractins Total genomic DNA's extractions of nine taxa of Pogonia (Table 1) were extracted from fresh leaves of plants made by using the modified CTAB (Cetyl trimethyl ammonium bromide) method (Doyle and Doyle 1987) . The DNAs were extracted from freezed-dried samples of leaves of plant individuals. Fresh leaves were frozen in liquid nitrogen and 300-500 mg frozen leaf samples were homogenized with liquid nitrogen and pu in individual 2 ml tubes and washed once with washing buffer [0.1 M Tris-HCl pH 8.0, 2% 2-mercaptoethanol, 1% polyvinylpyrrolidone (PVP) and 0.05 M ascorbic acid].
They were gently dispersed in 1,000 μl mixed at 4 o C in 100mM HEPES (hydroxyethyl piperazineethanesulfonic acid + 1000μl 1%PVP (Polyvinylpyrrolidone) extraction buffer containing 1M Tris-HCl (pH 8.0), 20 mM EDTA, 1.4 M NaCl, 2% cetyltrimethylammonium bromide and 0.5% mercaptoethanol, 1% polyvinylpyrrolidone (PVP) and 0.05M ascorbic acid stirred by a volute-mixer and then,the centrifugal pump at 4,500 rpm for 1 min and isolated and thrown the supernatant fluid and were treated with the buffer for 1h at 55 o C. Then, they were treated three times with an equal volume of CIA (chloroform-isoamyl alcohol=24:1) for 15 min each and the DNAs were precipitated with an equal volume of isopropyl alcohol.
Inter simple sequence repeat (ISSR) -Polymerase
Chain Reaction (PCR) Using 51 primers of ISSR and 60 primers (801-860); UBC primer sets: The University of British Columbis) were used to detect certain primers, selected specific amplified fragment length polymorphism primers DNA polymorphic bands different either from P. japonica, P. minor or P. 'Miyamatokisou' according to the ISSR-PCR methods. The ISSR is random primer and does not need the sequence information for a primer design, and P. japonica from Mt. Hiba P. minor from Mt.Hiba P. 'Miyamatokisou' from Mt.Haku P. 'Miyamatokisou' from Higashi-Hiroshima City its operation is simple and easy like RAPD method and it is used for phylogenetic analyses or identification of individual cultivars or close relatives. It can be applied in many studies involving genetic identity, parentages, clone and strain identifications, and taxonomic studies of close relatives (Kondo et al. 2003; Racharak and Eiadthong 2007) . Moreover, the cluster analysis resulted and suggested that P. 'Miyamatokisou' were phylogenetically much closer to P. ophioglossoides which seemed to be the origin of P. japonica and P. minor (Cameron and Chase 1999) . PCR condition by using the thermalcycler was carried out with one cycle at 94 o C for 5 min., followed by 40 cycles of denature temperature of 94 o C for 30 sec., annealing temperature of 52, 54, 58, and 60 o C depending on primers used for 30 sec., and 72 o C for 1.5 min., and concluded by one cycle of 72 o C for 10 min. PCR products was electrophoresed on 1.5% agarose gel with DNA size marker (200 bp DNA Ladder, TaKaRa at a 100V for 30 min. in Mupid-2 plus (ADVANCE) filled by 1X TAE Buffer. After staining of the electrophorese gel with 10 mg/ml Ethidium Bromide solution for 30 minutes, observation and photography of the bands were made by using Printgraph AE-6933 FXCF-U (ATTO) under the ultraviolet exposure.
ITS-PCR
PCR reaction fruid should be same as ISSR-PCR, and its' condition was organized by using thermalcycler at 97 o C for a minute for at the early composition, and then, annealing reaction at 60 o C for a minute extention reaction per 2 min. per cycle for 30 cycles and then, the final extention at 68 o C for 7 min. DNA extraction was made by PCR amplified products by using Wizard ® SV Gel and PCR Clean-Up System (Promega). Sequences were analyzed by the commercialized Eurofins Genomics Co. and species discrimination was made by BLAST (Basic Local Alignment Search Tool).
After alignment by using SeaView (PRABI), genetic distances were calculated by using Kimura's 2-parameter (1980) and then, produced the phylogenetic trees by the Neighbor Joining (NJ) methods (Nei et al. 1987) . On the other hand, DNA waveform using four peaks (Nucleobytes) DNA waveform was analyzed to determine deletion, DNA waveform etc. by base deletion.
RESULTS AND DISCUSSION
Two strains of Pogonia japonica and two strains of P. minor collected in Mt. Hiba, Hiroshima Prefecture, Japan and two strains of P. 'Miyamatokisou' (nomen nudum) were collected in a bog, Higashi-Hiroshima City, Hiroshima Prefecture, Japan, and two strains of P. 'Miyamatokisou' (nomen nudum) were collected in Mt. Hakusan, Gifu Prefecture, Japan shown 20 amplified fragment length polymorphisms (Figs. 1-4) .
Among the cultivated individuals studied the amplified fragments showed differences, only four groups of wild strains were used for the analysis. Then, 97 amplified fragments were obtained and 54 specific strains showed amplified fragments (Table 2) . Genetic distances among four groups analyzed divided by two groups such as 1. The first group of P. japonica and P. minor. 2. The second group of two P. 'Miyamatokisou' collected in Higashi-Hiroshima, Hiroshima Prefecture and that collected in Mt. Hakusan, Gifu Prefecture. Since each of the cultivated strains of Pogonia showed differences in amplified fragments, respectively, it was decided to use respectively four groups of the wild strains only. Then, among 97 amplified fragments species specific 54 fragments were isolated (Table 2) . Then, genetic distances among the four groups were analyzed: The phylogenetic distance between the group of P. japonica and P. minor and that between the two of P. 'Miyamatokisou' was D=4.8. Genetic distance between the two P. 'Miyamatokisou': one from Higashi-Hiroshima bog and the other from Mt. Hakusan, Gifu Prefwcture was D=0.04 that was very minute distance although their localities were way far from each other (Fig. 6) . In contrast, thenetic distance between P. japonica and P. minor was D=0.21 and they did not have any species-specific amplified fragment although among the individuals especially cultivated individuals and P. 'Miyamatokisou' respectively had more differences of DNA polymorphisms.
On the result of BLAST in Pogonia 'Miyamatokisou' collected in the bog, Higashi-Hiroshima, Hiroshima Prefecture had the degree of approximation in genetic algorithm with P. minor was 99.0% (Fig. 7) . The result degree of approximation of BLAST in P. 'Miyamatokisou' of Higashi-Hiroshima and P. japonica and that of P. ophioglossoides were commonly 97.0%. Pogonia japonica, P. minor, P. 'Miyamatokisou' and P. ophioglossoides had commonly quite similar base-sequences with each other, and thus, no trustworthy probability was given (Fig. 9) . DNA waves in the ITS region was observed carefully and found single nucleotide polymorphism (SNP) in P. minor.
Some plants of Pogonia differed morphologically from P. japonica as well as P. minor were spontaneously found in just edges of either P. japonica or P. minor Japan and has a naked name as P. 'Miyamatokisou'. Two strains of Pogonia 'Miyamatokisou' studied here were collected in so far different localities such as (1) 2n=20 plant in Higashi-Hiroshima City, Hiroshima Prefecture, and (2) 2n=18 plant in Mt. Hakusan, Gifu Prefecture (Takahashi et al. 2013) . More detailed analyses of origins of these two P. 'Miyamatokisou' with different chromosome numbers as 2n=20 and 2n=18 are necessary to be analyzed by chlorophyll DNA such as the domains of matK, rbcL etc. Since the two strains of P. 'Miyamatokisou' studied are close relatives between them were quite closely related with each other and thus, wondered if they would closely hybridized each other and then, they may make some introgressive hybridization due to the presence of 
